Abstract. The objective of this study was to investigate the effect of administration of recombinant human growth hormone (hGH) in patients with Noonan syndrome. hGH was administered (0.5 IU/kg/week) to 15 patients with Noonan syndrome over a 2 year period. Average patient age prior to therapy was 7.5 ± 2.5 (mean ± SD) yr, the height SD score was -2.8 ± 0.7, and the pretreatment height velocity and bone age were 4.8 ± 1.0 cm/yr and 5.8 ± 2.1 yr, respectively. The height velocity in the year prior to treatment, and 0-12 and 12-24 months after commencing treatment was 4.8 ± 1.0 cm/ yr, 7.0 ± 1.2 cm/yr, and 5.5 ± 0.6 cm/yr, respectively. The height velocity in the first year of treatment was significantly greater (P = 0.0001, n = 14) than the pretreatment value, but there was no significant difference in the second year. The height SD scores at the commencement of treatment, and after 12 and 24 months of treatment were -2.8 ± 0.7, -2.4 ± 0.7, and -2.2 ± 0.5, respectively. Bone age advanced by 1.1 ± 0.5 yr in the 12 months after commencing treatment. We conclude that the use of hGH may be beneficial in the treatment of Noonan syndrome, although further research is required.
HUMAN growth hormone (hGH) therapy is already approved in Japan for the indications of GH-deficient short stature, Turner syndrome and achondroplasia.
heart disease, one of the cardinal signs of Noonan syndrome is short stature.
Hypothesizing that hGH (NN-798) may have a growth-promoting effect in children with Noonan syndrome, we investigated the efficacy and safety of NN-798 administered at 0.5 IU/kg/wk for 2 years. The present communication reports the results of this study.
Methods

Subjects
The subjects were children with Noonan syndrome, who fulfilled the following inclusion criteria: children of either sex with the characteristics of Noonan syndrome (Table 1) , chronological age of 5 yr or older, bone age less than 10 yr for boys and less than 8 yr for girls, height at least -2.00 SD below the sex-and age-matched mean height, normal thyroid function (patients on thyroid hormone replacement therapy were acceptable), prior to development of the secondary sexual characteristics (Tanner Stage I), and records available on the increase in height for 1 year before treatment. (See, however, Clinical Characteristics subsection in Results below.)
On the other hand, subjects were not eligible for the study with the following exclusion criteria: females with abnormal sex chromosome, subjects on treatment with sex hormones, anabolic steroids, or corticosteroids, subjects with impaired glucose tolerance or diabetes, subjects with liver disease, renal disease, or serious cardiac dysfunction, subjects with tantrums, subjects with malignant tumors, and subjects with history of growth hormone therapy. In addition, subjects were rendered unsuitable for the study for other reasons as judged by the attending physician.
Prior to commencement of the study, each attending physician provided the subjects and their guardians with a thorough explanation of the matters listed below and obtained written informed consent to the study: the purpose of the study and method of drug administration, the expected effects and adverse reactions, alternative treatment that may be available for the disease, that the child would not suffer any disadvantage if consent to participate in the study was not given, that the child could withdraw from the study at any time after consent to participation had been given, and other general information pertaining to the protection of the subject's rights. In addition to the informed consent, prior to commencement of the study, the study protocol was approved by the Institutional Review Board of each of the institutes involved in the study.
Study design
The test drug was recombinant human growth hormone (NN-798; Norditropin ® ). This is a lyophilized preparation containing 12 IU of recombinant somatropin in each vial. The drug was dissolved in 3 mL of the supplied diluent (0.25 w/v% metacresol), and used within 2 weeks of reconstitution. The drug was stored at 5°C with protection from light both before and after reconstitution.
The test drug hGH was administered by subcutaneous injection before bedtime, 7 times per week (total weekly dose: 0.5 IU/kg).
The following observations and tests were conducted. Characteristics of Noonan syndrome were examined prior to commencement. Growth hormone stimulation test and urinary GH were performed before commencement. Height, weight, physical changes (including development of secondary sexual characteristics) were observed monthly from commencement to 3rd month and quarterly from the 3rd month onwards. Also, concomitant medication and records of compliance with treatment were observed at the same intervals. X-ray films of the left carpal bones were taken for evaluation of bone age (half-yearly from commencement). Hematology tests were performed monthly from commencement to 3rd month and quarterly from the 3rd month onwards. Clinical chemistry 
Statistical analysis and evaluation
For changes in height velocity, height SD score, and laboratory values, differences from pretreatment values were analyzed by the Wilcoxon one-sample test. Significance was set at p<0.05.
When adverse events occurred, the following information was recorded in the Case Report Form: symptoms, date of onset; date of resolution, severity, (evaluated as 1. mild, 2. moderate, or 3. severe), interventions (if any), causal relationship to the study drug, and course.
On the basis of the adverse events, changes in laboratory data, and other findings made throughout the treatment period, problems with safety were evaluated by the attending physician as either 1) absent or 2) present. For subjects receiving hGH for at least 12 months, treatment was evaluated as effective when the height velocity for the 12-month period was at least 1 cm/yr greater than the height velocity (cm/yr) recorded for the preceding year. Taking into consideration the safety and the increase in stature during the treatment period, the usefulness was evaluated by the attending physician using the following scale: 1; useful, 2; neutral, or 3; not useful.
Results
Disposition of patients
Fifteen patients (8 males and 7 females) diagnosed as having Noonan syndrome on the basis of their physical characteristics were enrolled in the study. Of these, 1 patient (female) had secondary sexual characteristics (Tanner Stage II) and also failed to satisfy the inclusion criterion for bone age (bone age of 11.10), and was therefore excluded from the analysis of efficacy. However, this patient was included for the safety evaluation since she was included in the GH treatment. As a result, 14 patients (8 males and 6 females) were evaluated for efficacy after 12 months of treatment. The efficacy was also evaluated after 24 months of treatment for a total of 11 patients, comprising 7 males and 4 females. Laboratory tests, OGTT, and the overall safety data were analyzed for all 15 patients.
Clinical characteristics
The baseline clinical characteristics of the subjects are shown in Tables 2.1 and 2.2. The chronological age was 7.5 ± 2.5 yr, bone age was 5.8 ± 2.1 yr, height SD score was -2.8 ± 0.7, and pretreatment height velocity was 4.8 ± 1.0 cm. Birth weight was 3139 ± 874 g and the gestational age at birth was 39.1 ± 2.3 wk. Paternal height was 170.2 ± 4.6 cm and maternal height was 158.1 ± 3.5 cm. One of the 14 patients had a family history of malformation. Two of the 14 patients exhibited GH deficiency (both females).
As is evident from Table 1 , some patients did not satisfy the inclusion criteria. The chronological age of two patients was under 5 yr (4.8 yr for case 04001 and 4.5 yr for case 04003), and the height SD score of two patients was above -2.0 (-1.9SDS for case 01003 and -1.6SDS for case 10001). Although these patients had failed to satisfy the inclusion criteria at the start of the study, they all exhibited typical symptoms of Noonan syndrome. Since the occurrence of Noonan syndrome is rare, these four patients, namely the two patients with the chronological age under 5 yr and the two patients with the height SDS above -2.0, were included in the study by the judgment of the principal investigator.
Growth characteristics
The height velocity changes are shown in Fig. 1 . The velocity was 4.8 ± 1.0 cm/yr (n = 14), 7.0 ± 1.2 cm/yr (n = 14), and 5.5 ± 0.6 cm/yr (n = 11), in the year prior to treatment, 0-12 months after commencing treatment, and 12-24 months after commencing treatment, respectively. The height velocity in the first year of treatment was significantly greater (P = 0.0001, n = 14) than in the year prior to commencing treatment, but there was no significant difference in the second year of treatment (P = 0.1230, n = 11), as seen in Fig. 1 . The height SD scores at commencement of treatment and at 12 and 24 months after commencing treatment are shown in Fig. 2 . The scores were -2.8 ± 0.7 (n = 14), -2.4 ± 0.7 (n = 14), and -2.2 ± 0.5 (n = 11), respectively. The scores were significantly different from the pretreatment values after 12 (P = 0.0002, n = 14) and 24 months (P = 0.0039, n = 11), see Fig. 1 . For the 12 patients for whom bone age could be evaluated at the commencement of The numbers in the right column indicate mean ± standard deviation (top), and the range of the values (minimum~maximum) (bottom). 
Individual responses
To elucidate the general tendency of growth characteristics, responses of individual patients are described in some detail. Specifically, the responses of 2 cases with GH deficiency, 9 cases with severe complications, 3 cases with abnormalities at birth, 1 case with low birth weight, and 1 case of hGH antibody value exceeding 10 are illustrated in Fig. 3 . Details of specific conditions are listed in Table 3 . Note that the conditions of most of the listed cases are overlapped. Comparison between the cases with and without endogenous GH level showed that there was no relationship between the GH secretion and the height velocity.
Laboratory data
There was a significant increase in ALP, from 293.0 ± 124.7 IU/L at baseline to 442.2 ± 206.5 IU/L after 12 months of treatment, while IGF-1 rose from 106.0 ± 66.5 ng/mL at baseline to 167.2 ± 104.4 ng/mL after 12 months. No significant changes were observed for any other laboratory parameter. A transient 10-fold rise in the anti-hGH antibody titer was observed in 1 case. No abnormalities in protein, glucose, or urinary sediment were detected by urinalysis during the treatment period.
With respect to the glucose tolerance, there were no significant increases in HbA 1 or HbA 1C during the treatment period. There were no significant changes in blood glucose, IRI, or CPR after 12 months of treatment. When blood glucose levels were scored by the method of Hibi et al. [1] , the results were 0.2 ± 0.4 (mean ± SD) at baseline and 1.2 ± 1.2 after 12 months of treatment. Blood glucose changed from normal to borderline in 5 patients and from borderline to normal in 1 patient. Fig. 2 . Changes in height SD scores Fig. 3 . Changes in height SD scores of individual patients listed in Table 3 Cranial MRI detected an abnormality in 1 of 15 patients during the treatment period. The diagnosis was moderate cerebellar hematoma. No intervention was required, but administration of hGH was discontinued. The patient also had von Recklinghausen disease, and neoplasms are known to be associated with this condition. The causal relationship to hGH therapy was concluded to be unknown.
2) Overall safety rating. The overall safety ratings were assigned by the attending physicians on the basis of adverse events, changes in laboratory values and other findings. Evaluation problems with safety arose for 1 (6.7%) of the 15 patients, who is the patient with the cerebellar hematoma. There was one patient who continued the GH treatment into the second year but failed to visit the relevant hospital soon afterward. There were two other patients in whom the safety evaluation was not possible, namely the girl who had secondary sexual characteristics, and one patient who discontinued the GH treatment at the request of the patient and the patient's guardian (see Usefulness for this case). Thus, 4 patients out of 15 were not available for the overall safety evaluation at the end of 2nd year of treatment.
3) Efficacy. Efficacy was defined as a height velocity for the 12-month administration period of at least 1 cm/yr above the height velocity (cm/yr) recorded for the preceding year. The results of efficacy evaluation are shown in Table 3 . The treatment was evaluated as being effective in 11 (78.6%) of 14 cases. Using the conventional definition of effective therapy, which is a height velocity for the 12-month administration period at least 2 cm/yr above the height velocity (cm/yr) for the preceding year, the treatment was evaluated as effective in 6 (42.9%) of 14 cases. Since it is generally known that the height velocity was lower in the second year of GH administration than in the first year, the efficacy evaluation was described only for the first year. 4) Usefulness. From the results for the 12-month period after commencing treatment, and taking into consideration safety and increase in height throughout the treatment period, the assessments of usefulness made by the attending physicians are shown in Table  4 . The treatment was evaluated as useful in 12 of 14 cases (85.7%), and as neutral in 2 cases (14.3%). In 1 of these 2 cases, the height velocity in the year before commencing treatment and in the 12 months after commencing treatment was 3.8 cm/yr and 5.2 cm/yr, respectively, and treatment was discontinued at the request of the patient and the patient's guardian. In the second of these two cases an adverse event occurred as described above. Because of the discontinued case 12 months after commencing treatment and because of the above-mentioned point of efficacy evaluation, the usefulness evaluation was described only for the results obtained in the first 12 months after commencing treatment. 
Discussion
While it has phenotypic similarities to Turner syndrome, Noonan syndrome is characterized by a normal karyotype and the syndrome also affects males. In a study performed in 1985 by Hayakawa et al., the predominant features of Noonan syndrome were short stature, cubitus valgus, hypertelorism, antimongoloid optic fissure, low auricles, exophthalmos, webbed neck, short neck, low hairline, and cardiomyopathy [2] .
With regard to short stature, a German report on Noonan syndrome indicated that the mean height for males up to 12 yr and females up to 10 yr was in the 3rd percentile. Following a subsequent growth spurt and delayed development of secondary sexual characteristics, however, the final height was within the normal range (above -2 SD) [3] .
Despite this, given the psychological burden associated with short stature during the impressionable childhood years and the possibility that social life might be impaired, providing therapy for short stature is an important challenge. Treatment with hGH may benefit patients with impaired growth. We therefore administered hGH at 0.5 IU/kg/wk to 15 patients (8 males and 7 females) with Noonan syndrome. We observed a growth-promoting effect in 14 patients who underwent 12 months of treatment prior to the development of secondary sexual characteristics. The height velocity in the year before commencing treatment was 4.8 ± 1.0 cm/yr, rising to 7.0 ± 1.2 cm/yr after treatment for 12 months. The height SD score prior to treatment was -2.8 ± 0.7, and at 12 and 24 months after commencement of treatment it was -2.4 ± 0.7 and -2.2 ± 0.5, respectively, thus showing a statistically significant improvement. Bone age advanced by 1.1 ± 0.5 yr in the 12-month period after commencing treatment, corresponding to the increase in chronological age.
Administration of hGH was discontinued in 1 patient during the treatment period, as cranial MRI detected an abnormality. The relationship of this adverse event to hGH therapy was unclear, and the abnormality was suspected to be due to a pre-existing complication. As several malformations are associated with Noonan syndrome, careful attention is warranted during treatment with hGH.
In a study reported by Cotterill et al., 27 children (16 males and 11 females) with Noonan syndrome were treated for 12 months with hGH (4 IU/m 2 /day). The height velocity increased from 4.9 ± 0.2 cm/yr at baseline to 8.9 ± 0.3 cm/yr at 0-6 months, and 8.1 ± 0.4 cm/yr at 6-12 months [4] . Romano et al. analyzed growth data for 150 children (97 males) with Noonan syndrome who received hGH therapy (0.31 mg/kg/wk, or approximately 0.9 IU/kg/wk) over a period of 4 years, and found that the height velocity increased from 4.3 ± 2.3 cm/yr at baseline to 8.0 ± 2.0 cm/yr in the 12-month period after commencing treatment [5] .
The dose of the above studies [4, 5] was approximately 2.0 times that used in the present study (0.5 IU/ kg/wk). Since the effect of GH shows a dose-response relationship, it is expected that the effect of GH in Noonan syndrome also obeys a similar dose dependency. It is therefore suggested that the dose level similar to those used in these studies is required to achieve satisfactory effects of GH treatment.
It is of interest to note that hGH promotes growth to a greater extent in patients with Noonan syndrome than in girls with Turner syndrome, although its effect is not as pronounced as it is in the treatment of growth hormone-deficient short stature. This is still a relatively new field of research and there is a need for further studies into factors such as the final height, bone age, influence on sexual development and adverse events.
Conclusions
1. We investigated the efficacy and safety of hGH therapy (0.5 IU/kg/wk for 24 months) in 15 patients (8 males and 7 females) with Noonan syndrome. 2. The height velocity in the year before commencing treatment, 0-12 months after commencing treatment, and 12-24 months after commencing treatment was 4.8 ± 1.0 cm/yr, 7.0 ± 1.2 cm, and 5.5 ± 0.6 cm/yr, respectively. Compared with the height velocity in the year prior to treatment, the height velocity was significantly greater in the first year, but not in the second year of treatment. 3. The height SD score at the commencement of treatment, and after 12 and 24 months of treatment, was -2.8 ± 0.7, -2.4 ± 0.7, and -2.2 ± 0.5, respectively. 4. Bone age advanced by 1.1 ± 0.5 yr in the 12-month period after commencing treatment. 5. During the treatment period, cranial MRI detected an abnormality in 1 patient, but the relationship to hGH therapy was unclear. 6. The use of hGH may be beneficial in the treatment of Noonan syndrome.
